Pancreatic ductal adenocarcinoma (PDAC) is composed of stromal, immune and epithelial 27 cells. Transcriptomic analysis of the epithelial compartment allows a binary classification into 28 mainly two phenotypic subtypes, classical and basal-like. However, little is known about the 29 intra-tumor heterogeneity of the epithelial component. Growing evidences suggest that this 30 two side phenotypic segregation is not so clear and that both could coexist in a single tumor. In 31 order to elucidate this hypothesis, we performed single-cell transcriptomic analyses using 32 combinational barcoding on epithelial cells from 6 different classical PDAC obtained by 33 Endoscopic Ultrasound (EUS) with Fine Needle Aspiration (FNA). In order to purify the 34 epithelial compartment, PDAC were grown as Biopsy Derived Pancreatic Cancer Organoids. 35 Single cell transcriptomic analysis allowed the identification of 4 main cell clusters present in 36 different proportions in all tumors. Remarkably, although these tumors were classified as 37 Classical, one of the clusters corresponded to a basal-like. These results depict the 38 unanticipated high heterogeneity of pancreatic cancers and demonstrated that basal-like cells 39 with a high aggressive phenotype are more widespread than expected. 40 41 42
Introduction
tumor organoids maintain an important cell heterogeneity within the epithelial compartment of the tumor. 138 To deeply characterize this intra BDPCO heterogeneity, we performed a differential analysis 139 of gene expression between all four clusters ( Figure 3A, 3B and Table S1 ). Except cluster C0, 140 all other clusters are characterized by a high expression of at least one specific molecular 141 marker. In fact, C0 cluster is mainly characterized by low expression of the genes identified as 142 markers in other clusters ( Figure 3B ). The most remarkable cluster is C1 which is not only the 143 most distal but also the cluster best defined by many specific molecular markers expressed in 144 the majority of their cells. These markers include the phosphodiesterase PDE3A, the helicase 145 HFM1, DLG2 a member of the membrane-associated guanylate kinase family and SLCO5A1, a 146 solute carrier organic anion transporter. It is important to note that PDE3A and HFM1 are two 147 of the best basal-like markers identified by Nicolle et al. 2017 . Cluster C1 was also Table S1 ). Cluster C2 presented a high expression of NEAT1 in 154 100% of the cells; NEAT1 is a long non-coding RNA that regulates the transcription of genes 155 involved in cancer progression (He et al., 2019; Zeng et al., 2020) . The most specific markers 156 of cluster C3 were ANKRD36, ANKRD36C, and ANKRD36B. These genes encode for extracted a basal-like and a classical PDAC component by performing an Independent 166 Component Analysis (ICA) on the transcriptome dataset from the Nicolle et al. study (Nicolle et al., 2017) . To validate the association of these two components to basal-like and classical phenotypes, we compared the correlation of the 1003 basal-like and 776 classical gene markers 169 obtained from the Nicolle et al. work (Nicolle et al., 2017) . As shown in Figure 4A by ICA 170 analysis, the classical markers were significantly higher in the classical component compared 171 to the basal-like (Student t-test p-value < 1e-16) and, as expected, the basal-like were 172 significantly higher than classical in the basal-like component identified (t-test p-value < 1e-173 16). The projection of the average of the gene expression of clusters on these two components 174 allowed the association of two molecular scores, the first corresponding to the classical and the 175 second to the basal-like subtype. It is important to note that cluster C1 had the highest basal-176 like score while its classical score was the lowest among all other clusters. This supports the 177 hypothesis that cluster C1 presents the most basal-like characteristics from all others. Cluster 178 C2 presents a similar classical score when compared to C0 and C3 but was the cluster that had 179 the lowest basal-like score ( Figure 4B ). Similar results were obtained at single-cell level by To characterize the biological profiles specifically associated with these different cell clusters, 190 we performed pathway analysis using KEGG (Kyoto Encyclopedia of Genes and Genomes) 191 ( Figure 5A ). Top enriched signaling pathways in cluster C0 were mainly the PI3K-Akt and 192 Sphingolipid pathways. Studies showed that abnormal activation of the PI3K/AKT pathway 193 promotes the proliferation of cancerous cells (Porta et al., 2014 ; Vasioukhin, 2012) Cluster C1 194 was characterized by a specific enrichment in many KEGG pathways including Adherents Figure 5B ) and could indicate a high functional interaction of C1 cells with 198 the extracellular matrix through which the cancerous cells have to migrate during the metastatic process (Maziveyi and Alahari, 2017; Vasioukhin, 2012) . This analysis suggests that cluster C1 is highly invasive with a greater capacity to migrate and metastasize, this 201 characteristic makes sense with the aggressive behavior of basal-like cells. Enriched pathways 202 in cluster C2 were related to Mitophagy and AMPK signaling pathways among others.
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Characterization of molecular markers in cell clusters
203
Previous studies have shown that activation of AMPK was an important regulator of 204 mitochondrial homeostasis and that this activation initiates synthesis of new mitochondria to 205 replace the damaged ones. In addition, activation of mitophagy pathways acts as key regulator 206 of mitochondrial mass in cancerous cells as well as in homeostasis, bioenergetics, oncogene-207 driven metabolic reprogramming and cell apoptosis (Vara-Perez et al., 2019) . Finally, cluster 208 C3 was uniquely enriched in Neurotrophin signaling pathway. Recent studies have shown that 209 the role of neurotrophins is not limited to neuronal tumors but also linked to nonneuronal 210 tumors like thyroid, breast, lung, and prostate cancer (Tan et al., 2014) .
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Pseudotime analysis of BDPCOs uncovers a differentiation trajectory 212
To unravel the putative developmental trajectory of cells during the tumorigenesis process we Figure 6 and Figure S2 , cells from different clusters were located in different 220 branches of the trajectory especially sub-group C1 which presents the more distal location more personalized and efficient therapies. Recently, it became possible to investigate intratumor heterogeneity at a single-cell resolution identifying different cell types in PDAC and 264 opening a way to study distinct functions of cancer-associated fibroblasts subtypes in PDAC 265 immunity and progression (Elyada et al., 2019) . In fact, human primary tumor from surgery, In our study, we characterized six consecutive PDAC tumors from patients to analyze their 280 intra-tumor heterogeneity. The 6 tumors used in our study were of classical subtype as 281 suggested by our histologic, immunofluorescence and transcriptomic analyses. It is important 282 to note that we detected some cells expressing VIM, as a basal-like marker, in all these 283 organoids, as well as in the organoids-derived PDXs, after at least two consecutive passages in In this study we intended to highlight for the first time the intrinsic heterogeneity within the 293 epithelial cancerous cell compartment of 6 classical PDAC patients. We observed that the 294 cluster C0 contains most of the cells studied which share a common transcriptomic profile.
Other clusters were characterized by the expression of specific transcriptomic markers expressed in the majority of cells. In many cases, these markers have been previously related 297 to tumor specific biology. For instance, NEAT1 (marker of cluster C2) has shown to be up-298 regulated in cancer and plays a role in most types of solid tumors by regulating tumor 299 suppressive microRNAs (Yu et al., 2017) , NEAT1 has been suggested as a marker of poor 300 prognosis in colorectal cancer and glioma (He et al., 2019) . Cells of cluster 301 C1 were also characterized by several specific molecular markers such as for example PDE3A 302 that encodes a protein which controls degradation of cyclic AMP (cAMP) and GMP (cGMP) 303 (Beavo, 1995) that regulates various physiologic processes including adherents junction, 304 glycolysis/gluconeogenesis and leukocyte transendothelial migration pathways. This high 305 expression suggests that C1 cells have high metabolic and migration activities, which could 306 correspond to highly aggressiveness cells with strong metastatic potential, supporting the 307 basal-like phenotype of this cluster. Altogether, the diversified transcriptomic patterns 308 displayed by different clusters indicate that PDAC organoids maintain important cell 309 heterogeneity and that the presence of basal-like cells within all PDAC tumors studied here 310 brings new insights into the intra-tumoral heterogeneity in PDAC cancer.
311
In a recent work, Peng et al. (Peng et al., 2019 ) ports a study on single cell transcriptome analysis of a 312 total of 57,530 cells from 24 primary PDAC tumors and 11 control pancreases. They found that PDAC 313 tumor mass is highly heterogeneous and composed of diverse malignant and stromal cell types as 314 expected. In addition, they report that malignant ductal subtype could be distinguished by featured gene 315 expression profile and was observed to contain highly proliferative and migratory subpopulations. They 316 suggest that these cell subtypes could correspond to the basal-like, which represents around 6.30% of 317 the ductal in their samples, and classical subtype which represent 26.95% of the cells, however their 318 protocol setup was directed mainly to describe the cellular composition of the PDAC. 319
In summary, scRNA-seq analysis performed on 6 consecutives PDAC as organoids allowed us the 320 identification of four main cell clusters present in different proportions in all tumors. Clusters show a 321 specific gene expression profile associated with specific biological characteristics and molecular 322 markers. Although these tumors were classified as Classical when analyzed in bulk, one of the clusters 323 present in all of the patients, corresponded to a basal-like phenotype. These results depict the 324 unanticipated high heterogeneity of pancreatic cancers and demonstrated that basal-like cells with a 325 highly aggressive phenotype are more widespread than expected. We conclude that Basal-like and 326
Classical cells coexist in PDAC. 327
Identification of basal-like and classical components 388
Transcriptomic dataset was pre-processed and normalized using only 50% most variable 
